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Watanabe, T.-H., Sugama, H. (NIPS) 
We have recently developed a new toroidal 
gyrokinetic-Vlasov simulation code with high 
velocity-space resolution [1), which can precisely 
deal with the phase-mixing processes of f in 
toroidal configurations. With this code, the detailed 
velocity-space structures produced by collisionless 
and weakly collisional dynamics of the zonal flow 
and the geodesic acoustic mode (GAM) are success-
fully simulated. 
Amplitude of the zonal flow, «Pk"), initially given 
by the Maxwellian perturbation with m = n = 0 
decreases as the collisionless damping of GAM os-
cillation, where m and n mean the poloidal and 
toroidal mode numbers, respectively. The flux sur-
face average is represented as (- .. ). Time-evolution 
of (¢kJ obtained by the toroidal flux tube simula-
tion for the Cyclone DIII-D base case parameters 
is shown in Fig.1, where the radial wave number 
kx = 0.1715Pi l for Pi = JTi/mi/Di. The residual 
level of (¢k") agrees well with the theoretical esti-
mate, lim (¢(t))/(¢(t = 0)) = 1/(1 + 1.6q2/El/2) 
t~= 
[2), where ¢, q, and E denote the electrostatic po-
tential, the safety factor, and the inverse aspect 
ratio, respectively. In the subset with n = 0 
of the collisionless gyrokinetic equation (assuming 
other n modes to vanish), there is an invariant 
corresponding to a part of the entropy balance 
equation, dG/dt == d (li5k" + Wk.) /dt = 0, where 
li5k• = (J d3vlliik.1 2/2FM ) and Wk. = 1((1- fo + 
T)I¢k"1 2 ) - ;1(¢kJI2 The ion and electron temper-
ature ratio is denoted by T == T;/Te. As shown in 
Fig.2, li5k" increases during the collisionless damp-
ing of GAM, while the decreased potential energy, 
Wk", approaches a finite constant value relating to 
the residual potential, (¢(t = 00)). 
A velocity-space profile of Re[liik"] at t = 50 is 
shown in Fig.3, where the boundary of trapped and 
passing ions is represented by dotted lines. Contri-
bution of the trapped ions to the neoclassical po-
larization [4] is clearly identified by a mean nega-
tive value of Ii ik" for trapped particles. Generating 
fine-scale structures of Ii ik" in the direction of the 
parallel velocity (vII), the phase mixing due to the 
passing particles largely deforms the initial distri-
bution as seen in Fig.3, and results in damping of 
GAM. The increase of li5k" balancing with decrease 
of Wk" stems from the development of Ii ik" in the 
micro velocity-scale, which is revealed by our new 
simulation code with high velocity-space resolution. 
It is also found that finite collisionality leads to dif-
fusion of the fine structures as well as slow collisional 
decay of (¢k")' 
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Figure 1: Time-evolution of the zonal flow potential 
obtained by the toroidal flux tube simulation. 
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Figure 2: Time-evolution of li5k. and Wk., where 
. Go = li5k. + Wk" at t = O. 
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Figure 3: Velocity-space profile of real part of the 
perturbed distribntion function at IJ = O. The hor-
izontal and vertical axes are defined by VII and v 1-. 
Dotted lines show the boundary of trapped and 
passing particles. 
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